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Background: We compared the LightCycler MRSA advanced test (Roche Diagnostics, 
Germany) with enrichment culture methods to evaluate the relative diagnostic perfor- 
mance of the LightCycler MRSA advanced test for active surveillance in a high-prevalence 
setting. 

Methods: A total of 342 nasal swab specimens were obtained from patients in the inten- 
sive care unit at admission and on the seventh day for follow-up. The results of LightCycler 
MRSA advanced test were compared to those of the enrichment culture. For discrepant 
results, mecA gene PCR was performed. 

Results: For the detection of methicillin-resistant Staphylococcus aureus (MRSA), the 
LightCycler MRSA advanced test showed 98.5% sensitivity and 78.6% specificity and had 
positive and negative predictive values of 75.0% and 98.8%, respectively. A total of 46 
samples had discrepant results between the LightCycler MRSA advanced test and enrich- 
ment culture. Of the 44 specimens that were positive in the LightCycler MRSA advanced 
test but negative by enrichment culture, mecA genes were detected in 37 specimens. In 
addition, of the original 44 cases, 21 patients had a history of MRSA colonization or infec- 
tion within the last month; of those 21 specimens, 20 were positive for mecA gene as 
shown by PCR. Seven mec/4-negative discrepant specimens comprised 3 methicillin-sen- 
sitive S. aureus-culture positive and only 2 patients had MRSA infections. 

Conclusions: Despite its low specificity and positive predictive value, the LightCycler 
MRSA advanced test could serve as a rapid test for patients colonized with MRSA. 

Key Words: Methicillin-resistant Staphylococcus aureus, Real-time polymerase chain re- 
action, Active surveillance 
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INTRODUCTION 

Methicillin-resistant Staphylococcus aureus (MRSA) is one of 
the major nosocomial pathogens, causing a wide spectrum of 
infections. In the acute care hospital setting, MRSA colonization 
is associated with a higher risk of nosocomial infection and in- 
creased hospital costs. Reduction of MRSA colonization is the 
most effective measure for preventing dissemination of MRSA 



[1]. Therefore, a rapid and sensitive detection method to identify 
MRSA carriers is crucial in MRSA infection control. Active sur- 
veillance cultures for MRSA are now part of clinical practice rec- 
ommendations both in Europe and the United States [2]. Stud- 
ies have shown that approximately 0.2-7% of the population is 
colonized with MRSA [3, 4]. However, the S. aureus nasal car- 
riage rate among healthcare workers in Korea was reported to 
be as high as 42.2%, and 44% of S. aureus strains was MRSA 
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[5]. A previous study has reported that the prevalence of MRSA 
colonization at an intensive care unit in Korea was 36.2% [6]. 

The conventional culture method is time consuming for active 
surveillance in order to reduce MRSA colonization. Several 
chromogenic and differential MRSA selective agars have been 
shown to yield results within 18 to 24 hr [7-9]. Moreover, several 
real-time PCR methods have been developed and evaluated for 
same-day detection of MRSA directly from clinical samples [10- 
12]. The LightCycler MRSA advanced test (Roche Diagnostics, 
Mannheim, Germany) has recently been developed as a quali- 
tative molecular diagnostic test that simultaneously detects the 
staphylococcal cassette chromosome mec (SCCmec) (carrying 
the mecA gene) and an S. aureus-specific sequence located 
within the orfX gene. This test is used for the direct detection of 
nasal colonization by MRSA. It is reported that the LightCycler 
MRSA advanced test had a sensitivity of 95.2% and a specificity 
of 96.4% [13]. 

The performance characteristics of the LightCycler MRSA ad- 
vanced test compared with culture in a high prevalence area 
have not been sufficiently well studied, and as our institution 
has been performing active nasal surveillance of MRSA in medi- 
cal and surgical patients from the intensive care unit, we aimed 
to compare the LightCycler MRSA advanced test with enrich- 
ment culture methods to evaluate the diagnostic performance of 
the LightCycler MRSA advanced test for active surveillance in 
high-prevalence settings. 

METHODS 

1. Patients and clinical samples 

The study was conducted prospectively in a 650-bed teaching 
hospital (Dongguk University llsan Hospital, Korea). A total of 
342 nasal swab specimens were obtained from 193 patients ad- 
mitted to the surgical and medical intensive care units between 
July 2009 and March 2010. Anterior nasal specimens were ob- 
tained from patients at admission and at the seventh day of fol- 
low-up by using BD CultureSwab Liquid Stuart (Becton Dickin- 
son Diagnostic Systems, Sparks, MD, USA). For each patient, 2 
swabs were rubbed inside the anterior nares, first on one side 
and then on the other, yielding a paired swab sample. The swab 
was transported at room temperature and stored at 2°C until 
processing, which was performed within 24 hr of collection. 

2. Detection of MRSA by enrichment culture and suscepti- 
bility testing 

For enrichment culture, one of the paired swabs from each na- 



sal specimen was inoculated in 3 mL of trypticase soy broth 
(Becton Dickinson Diagnostic Systems) supplemented with 
6.5% NaCI. The enrichment broth was incubated for 24 hr at 
35°C and subcultured in 5% sheep blood agar plates (Becton 
Dickinson Diagnostic Systems) as well as mannitol salt agar and 
then incubated for 24 hr at 35°C. Presumptive S. aureus colo- 
nies were identified as S. aureus by a catalase test and Staph- 
aurex Plus (Remel, Lenexa, KS, USA). Methicillin resistance 
was determined with an oxacillin disk (Becton Dickinson Diag- 
nostic Systems). The BD Phoenix automated microbiology sys- 
tem (Becton Dickinson Diagnostic Systems) and Phoenix SMIC/ 
ID-100 panel (Becton Dickinson Diagnostic Systems) were used 
to reconfirm the species identification and methicillin resistance 
of any specimens that showed discrepant results between the 
enrichment culture and the LightCycler MRSA advanced test. 
When all tests were completed, the isolates were frozen at -70°C 
in trypticase soy broth with 10% glycerol. 

3. Detection of MRSA by the LightCycler MRSA advanced test 

The second swab was processed and tested using the LightCy- 
cler MRSA advanced test according to the manufacturer's in- 
structions. The swab was broken off into a lysis tube, incubated 
in a 95°C dry block for 2 min, subjected to a vortex in the MagNA 
Lyser instrument for 70 sec at a speed of 5,000 rpm, and then 
centrifuged at 10,000 xg for 1 min. The supernatant was used 
directly in real-time PCR. A total of 15 uL of the reconstituted 
master mix and 5 uL of the lysate solution were added to the 
capillary. Capillaries were centrifuged briefly and transferred to 
the LightCycler 2.0 Instrument (Roche Diagnostics) for PCR 
amplification. The results were obtained in approximately 1 hr. 
Positive and negative controls were included in each run. After 
the testing, the lysis tubes were frozen and stored at -70°C. 

The PCR results for the LightCycler MRSA advanced test 
were interpreted using the LightCycler software, which uses a 
decisional algorithm to interpret the assay result as negative 
(i.e., no MRSA DNA detected), positive (i.e., MRSA DNA de- 
tected), or invalid (i.e., no internal control detected). The Light- 
Cycler MRSA advanced test was repeated when specimens 
yielded invalid results. 

4. Detection of the mec/4gene 

The presence of the mecA gene was confirmed for colony and 
lysates with discordant results (enrichment culture, LightCycler 
MRSA advanced test) using the mecA gene PCR kit (Seegene, 
Seoul, Korea). The mecA gene PCR was performed according 
to the manufacturer's instructions. 
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5. Analysis of discrepant results 

The results of LightCycler MRSA advanced test were compared 
to those obtained using enrichment cultures. When the results 
of the enrichment culture and the LightCycler MRSA advanced 
test did not correspond, frozen isolates were thawed and recul- 
tured, and the frozen lysates were thawed. The next steps in- 
cluded (i) direct testing of the S. aureus colonies with the Light- 
Cycler MRSA advanced test and (ii) testing of the S. aureus col- 
onies and lysates by using the mecA gene PCR kit. 

Prevalence of the nasal colonization of MRSA in patients was 
calculated using results of the enrichment culture. Results of 
the LightCycler MRSA advanced test were compared to those of 
the enrichment culture results. The concordance rate, sensitiv- 
ity, specificity, and negative and positive predictive values of the 
LightCycler MRSA advanced test were calculated. 

The medical charts of patients with a negative enrichment 
culture but a positive LightCycler MRSA advanced test result 
were reviewed to collect information on MRSA colonization, 
MRSA infection, or use of vancomycin/teicoplanin/linezolid in 
the treatment of MRSA infection documented within 1 month 
before the study. 



Table 1. Comparison of LightCycler MRSA advanced test and en- 
richment culture results 



LightCycler MRSA 
advanced test (N) 




Enrichment culture (N) 




Positive 


Negative 


Total 


Positive 


132 (38.8%) 


44 (12.9%) 


176 


Negative 


2 (0.6%) 


162 (47.7%) 


164 


Total 


134 


206 


340 



Abbreviation: MRSA, metft\c\\\\n-res\stant Staphylococcus aureus. 



RESULTS 

1. Comparison of LightCycler MRSA advanced test and 
enrichment culture 

MRSA was recovered by culture in 39.2% (134/342) of nasal 
surveillance specimens in the intensive care unit. In compari- 
son, 51.5% (176/342) of the specimens were MRSA positive as 
shown by the LightCycler MRSA advanced test. The MRSA 
prevalence at the time of admission was 27.5% by culture and 
33.2% by LightCycler MRSA advanced test. 

Seven of the original 342 nasal specimens (2%) showed in- 
valid results in the initial LightCycler MRSA advanced test due 
to internal control failure. Five of these were correctly identified 
after a retest of the LightCycler MRSA advanced test, and 2 un- 
identified PCR specimens (0.6%) were excluded from the data 
analysis. 

The overall agreement between the LightCycler MRSA ad- 
vanced test and the enrichment culture was 86.5% (Table 1). 
Compared to the enrichment culture, the LightCycler MRSA ad- 
vanced test had a sensitivity of 98.5% (95% confidence interval 
[95% CI]; 96.4-100), specificity of 78.6% (95% CI; 73.0-84.2), 
positive predictive value of 75.0% (95% CI; 68.6-81.4), and neg- 
ative predictive value of 98.8% (95% CI; 97.1-100). 

2. Resolution of discrepant results 

A total of 46 samples had discrepant results between the Light- 
Cycler MRSA advanced test and the enrichment culture. Among 
46 specimens, 44 specimens were found to be positive by the 
LightCycler MRSA advanced test but negative by enrichment 
culture. A discrepancy analysis using the mecA gene PCR re- 
vealed the presence of the mecA gene in 37 of the 44 cases 
(Table 2). Among 44 specimens, methicillin-sensitive S. aureus 



Table 2. Resolution of discrepant results 



Initial assay results for MRSA detection 


Further analysis results of discrepant specimens 




Enrichment culture 


LightCycler MRSA 
advanced test 


LightCycler MRSA 
advanced test of colony 


mecA PCR of colony 


mecA PCR of lysate 


N of specimens 


Positive 


Negative 


Positive 


Positive 


Positive 


2 


Negative 


Positive 


Not tested 1 


Not tested t 


Positive 


34 


Negative 


Positive 


Not tested 1 


Not tested 1 


Negative 


4 


Negative (MSSA)* 


Positive 


Negative 


Negative 


Negative 


2 


Negative (MSSA)* 


Positive 


Negative 


Negative 


Positive 


2 


Negative (MSSA)* 


Positive 


Positive 


Negative 


Positive 


1 


Negative (MSSA)* 


Positive 


Positive 


Negative 


Negative 


1 



*MSSA grew in enrichment culture; ' No S. aureus isolated. 

Abbreviations: MRSA, metr\\c\\\\r\-res\stant Staphylococcus aureus-, MSSA, methicillin-sensitive S. aureus. 
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(MSSA) was detected by culture in 6 cases. Two of the 46 dis- 
crepant specimens, which were negative for the LightCycler 
MRSA advanced test, were positive in the enrichment culture 
and had the mecA gene, as determined by mecA gene PCR of 
the lysates and colony. The results of these 2 specimens were 
considered false-negative results of the LightCycler MRSA ad- 
vanced test. 

The medical charts of the 44 patients that showed positive 
LightCycler MRSA advanced test results, but negative enrich- 
ment culture results, indicated that 21 specimens were obtained 
from patients with a MRSA colonization or infection history 
within the month before the study. Moreover, 20 of these 21 
specimens were found to be positive for mecA by mecA gene 
PCR testing of the lysates. Vancomycin, teicoplanin, or linezolid 
was used in treatment of MRSA infection documented within 
the last month in 7 patients. 

DISCUSSION 

The LightCycler MRSA advanced test was developed in order to 
detect MRSA strains of different molecular sequences in the vi- 
cinity of the right extremity junction of the SCCmec cassette with 
the orfX gene. This design prevents a false-positive signal from 
specimens containing MSSA and methicillin-resistant coagu- 
lase-negative staphylococci mixed flora [11]. 

Seven of the original 342 nasal specimens (2%) had an initial 
invalid LightCycler MRSA advanced test. After PCR was re- 
peated with the same lysate, 5 of these specimens were identi- 
fied. There were no major changes to the procedure upon re- 
peat PCR. The fact that there were 2 unidentified PCR speci- 
mens (internal-control failure) indicates slight PCR inhibition 
[14]. Therefore, initial invalid results could be attributed to tech- 
nical problems or the presence of a PCR inhibitor arising from 
differences in collection procedures [15]. 

We compared the LightCycler MRSA advanced test results to 
enrichment cultures used to identify MRSA nasal colonization in 
this high-prevalence intensive care unit setting. The prevalence 
of MRSA among nasal isolates was 27.5%. In other intensive 
care units in Korea, the MRSA colonization prevalence in pa- 
tients was reported to be 11.6% and 36.2% [6, 16]. Differences 
in the standard method for recovery of MRSA and collection 
time of the specimen could be the cause of diverse prevalence. 
Our findings demonstrate a high prevalence of MRSA coloniza- 
tion in patients admitted to an intensive care unit in Korea. 

Compared to the enrichment culture, the sensitivity and neg- 
ative predictive value of the LightCycler MRSA advanced test in 



our study were 98.5% and 98.8%, respectively. In 2 cases, the 
LightCycler MRSA advanced test yielded false-negative results. 
The discordant results obtained when PCR assay yielded nega- 
tive results, while the cultures were actually positive, could be 
related to low bacterial load on the original swab or kit-related 
problems during extraction of DNA from some isolates [17, 18]. 

We found that the LightCycler MRSA advanced test had a 
specificity of 78.6% (162/206), which differs from the findings of 
Peterson et al., who studied the performance evaluation of the 
LightCycler MRSA advanced test in hospital non-intensive care 
unit settings and reported a specificity of 96.8% [13]. In our 
study, 44 MRSA strains were classified as MRSA by the LightCy- 
cler MRSA advanced test, but as MSSA or no growth of S. au- 
reus by the enrichment culture. Although the interpretation of 
these 44 PCR results is unclear, there are a few possible expla- 
nations. 

Among the 44 cases, 37 specimens contained the mecA de- 
terminant. Positivity of both the LightCycler MRSA advanced 
test and mecA PCR of the lysate could be false positive owing to 
MSSA strains harboring remnants of SCCmec plus methicillin- 
resistant coagulase-negative Staphylococcus (MRCNS) or dead 
MRSA. It is reported that phenotypic MSSA that are genotypic 
MRSA isolates containing mecA may require the inactivation of 
the mecl repressor gene before expression [19]. False positives 
in the MRSA gene assay are reported to be caused by the as- 
say's potential to amplify retained segments of the right-junction 
sequence of the SCCmec in S. aureus strains that are missing 
the mecA gene [11, 20, 21]. We considered the possibility that 
MSSA harboring remnant SCCmec influenced the false-positive 
rate, but we found only 6 MSSA strains by culture. Three of 
them were positive for mecA gene PCR of the lysates and, pos- 
sibly, the MSSA strains harboring remnant SCCmec combined 
with MRCNS. 

Among the 21 specimens obtained from patients with MRSA 
colonization or a history of infection within a month prior to this 
study, 20 were positive for mecA as determined by mecA gene 
PCR of the lysates. Vancomycin, teicoplanin, or linezolid was 
used in treatment of MRSA infection in 7 patients. In these 
cases, the positivity of the LightCycler MRSA advanced test 
could be explained by the presence of DNA from noncultivable 
MRSA strains in the specimen [11, 17, 22]. Of the 37 speci- 
mens, 3 were obtained from patients with MSSA colonization or 
a history of infection within a month prior to this study. In these 
cases, the positivity of the LightCycler MRSA advanced test 
could be explained by the presence of DNA from noncultivable 
MSSA harboring remnant SCCmec combined with MRCNS. In 
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the clinical setting of high MRSA prevalence, it is postulated that 
the main disadvantages of PCR assays are the possibility of the 
detection of residual DNA from nonviable bacteria [6]. Eleven of 
the 37 cases with positivity of both the LightCycler MRSA ad- 
vanced test and mecA gene PCR of the lysate could not be ex- 
plained by the above mentioned hypothesis. Another explana- 
tion for the discordant results could be that a molecular test has 
a higher sensitivity than the standard culture method used at 
our institution [17, 23]. Interestingly, within 14 days, 2 patients 
showed MRSA colonization or infection; these 2 cases could be 
true-positive results. 

Seven of the 44 cases showed positive results for the LightCy- 
cler MRSA advanced test and negative results for mecA gene 
PCR of the lysate. Among 7 cases, 3 were found to be positive 
for MSSA colonization by enrichment culture. One patient 
showed a history of MRSA infection within the last month, and 
one had an MRSA infection within 14 days. 

Given the low specificity of real-time PCR for MRSA detec- 
tion, a possible scenario may be to provide an enrichment cul- 
ture confirmation of positive LightCycler MRSA advanced test 
results. However, this adds costs and complexity to the testing 
algorithms [21]. A high sensitivity of any MRSA surveillance test 
may be desirable, since the goal of an MRSA program is to rap- 
idly detect all patients with this potential pathogen. 

In conclusion, the LightCycler MRSA advanced test was as 
sensitive as enrichment cultures, but positive results required 
confirmation with culture method because of low specificity of 
the MRSA method. In a setting of higher MRSA colonization 
rate, this drawback would constitute a bigger problem, indicat- 
ing the need for further studies to definitively ascertain whether 
the higher costs of PCR assays and the larger number of iso- 
lated colonized patients are offset by cost savings from reduced 
transmission of MRSA in high-prevalence settings. 
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